This paper develops an inventory model for deteriorating items consisting the ordering cost, unit cost, opportunity cost, deterioration cost and shortage cost. In this inventory model instead of linear demand function nonlinear exponential function of time for deteriorating items with deterioration rate has been considered. The formulated model has numerically solved by bisection method. The effects of inflation and cash flow are also taken into account under a trade-credit policy of discount with time. In order to validate the model, numerical examples have been solved by bisection method using Matlab. Further, the sensitivity of different parameters is considered in order to estimate the cash flow.
Introduction and Outline of the Paper
Inventory is quantity or store of goods that is held for some purpose or use. There are many variations of free cash flow but recently we have been asked a couple of times why we don't include change in working capital. So let us go through why we don't believe including changes to working capital is necessary to the feel cash flow calculation or for stock valuation for impacts the cash flow statement.
The reason why it should be considered as a liability is that the amount of accounts receivables is really just an interest free loan to the customer. The company has not received the cash for the bills. The working capital change on the balance sheet impacts the cash flow statement. Inventory is another major component of working capital and can also be considered to be a liability while accounts payable will add to positive cash flow because it's money that you owe but haven't paid yet. The ordering cost (also called setup costs, especially when producers are concerned), or cost of replenishing inventory, covers the friction created by orders themselves, that is, the costs incurred every time you place an order. The unit cost is the cost incurred by a company to produce, store and sell one unit of a particular product. The Opportunity cost of an alternative that must be forgone in order to pursue a certain action. Put another way, the benefits you could have received by taking an alternative action. Deterioration cost is that cost which is incurred by company on any assets due to small wear and tear in asset due to use. An economic shortage is a disparity between the amount demanded for a product or service and the amount supplied in a market. Specifically, a shortage occurs when there is excess demand; therefore, it is the opposite of a surplus.
Supply Chain Management (SCM) is an essential element to operational efficiency. SCM can be applied to customer satisfaction and company success, as well as within common settings, including medical missions; disaster relief operations and other kinds of emergencies; cultural evolution; and it can help improve quality of life. Because of the vital role SCM plays within organizations, employers seek employees with loads of SCM skills and knowledge. The World is one big supply chain. SCM touches major issues, including the rapid growth of multinational corporations and strategic partnerships; global expansions and sourcing; fluctuating gas prices and environmental concerns, each of these developing trends, supply chain management is the most critical business discipline in the world today. Clearly, the impact that SCM has on business is significant and exponential. SCM impacts customer service by making sure the right product assortment and quantity are delivered in a timely fashion.
In addition, those products must be available in the location that customers expect. Customers should also receive quality after sale customer support. SCM has a tremendous impact on the bottom line. Firm's value supply chain managers because they decrease the use of large fixed assets such as plants, warehouses and transportation vehicles in the supply chain. Also, cash flow is increased because if delivery of the product can be expedited, profits will also be received quickly. SCM helps streamline everything from day-to-day product flows to unexpected natural disasters Deterioration of physical goods is one of the important factors in any inventory and production system. The deteriorating items with shortages have received much attention of several researches in the recent year because most of the physical goods undergo decay or deterioration over time. Commodities such as fruits, vegetables and food stuffs from reduction by direct spoilage trick kept in store. The demand function relates price and quantity. It tells how many units of a good will be purchased at different prices. In general, at higher prices, less will be purchased. Thus, the graphical representation of the demand function has a negative slope. The market demand function is calculated by adding up all of the individual consumers' demand functions.Economic order quantity (EOQ) model is the method that provides the company with an order quantity. By using this model, the companies can minimize the costs associated with the ordering and inventory holding. In 1913, Ford W. Harris developed this formula whereas R. H. Wilson is given credit for the application and in-depth analysis on this model. EOQ and EPQ are the model that are used to calculate the optimal quantity that can be purchased or produced to minimize the cost of both the carrying inventory and the processing of purchase orders or production set-ups. Basu, et al. [1] proposed a general inventory model with due consideration to the factors of time dependent partial backlogging and time dependent deterioration. Sharma, et al. [2] developed an inventory model for deteriorating items, the rate of deterioration follow the Weibull distribution with two parameters. The demand rate assumed of time dependent. The shortages are allowed and shortages are completely backlogged. Ghare and Schrader [3] developed a model for an exponentially decaying inventory. Inventory models with a time dependent rate of deterioration were considered by Covert and Philip [4] , Mishra [5] and Deb and Chaudhuri [6] . In this model, shortages are completely backlogged.
In developing mathematical inventory model, it is assumed that payments will be made to the supplier for the goods immediately after receiving the consignment. One such trade credit policy is " / net T" which means that a α% discount on sale price is granted if payments are made within days and the full sale price is due within (> ) days from the date of invoice if the discount is not taken". Ben-Horim and Levy [7] , Chung [8] , Aggarwal and Jaggi [9] , etc., discussed trade-credit policy of type " / net T" in their models. Aggarwal et al. [10] discussed an inventory model taking into consideration inflation, time-value of money and a trade credit policy " / net T" with a constant demand rate. Lal and Staelin [11] developed an optimal discounting pricing policy. Sensitivity of the optimal solution is examined to see how far the output of the model is affected by changes in the values of its input parameters.
The paper is organized as follows. We introduce several elementary properties of the stationary inventory process and literature review in Section 1. We describe the mathematical formulation of your problem and solve it in Section 2. In Section 3 we present the numerical and graphical description of your results. Finally, in Section 4, we summarize the results and propose some directions for future research.
Mathematical Formulation
The exponential function has the form:
Where ≠ 0 and is a constant called the base of the exponential function. > 0 ≠ 1 , is the independent variable. It is the exponent of the constant, b. Thus exponential functions have a constant base raised to a variable exponent. In economics exponential functions are important when looking at growth or decay. For examples are the value of an investment that increases by a constant percentage each period, sales of a company that increase at a constant percentage each period, models of economic growth or models of the spread of an epidemic.
Notice that as the value of = increases, the value of = ( ) increases or decreases more and more rapidly.
In this section, notation, assumptions of the various parameters, formulated the model and solve it. A deterministic order-level model with an infinite rate of replenishment is developed with the following notations and assumptions. The present worth of all future cash flows is ( ) ( ) = ∑ ( ) ( ).
The solution of the equation ( ) ( ) = 0 gives the optimum value of T provided it satisfies the condition ( ) ( ) > 0 (2.9) Now ( ) ( ) = 0 yields the equation
This equation being highly nonlinear equationcannot be solved analytically. It can be solved numerically for given parameter values. Its solution gives the optimum * quantities * ( = 0,1,2 … … . )from and ( ) ( ) * , the optimum present value of all future cash flows from.
As commented before, this equation also needs to be solved numerically.
Result, Discussion and Computation Analysis
In this section, we consider to parameter numerical example to valid our model. Based on the numerical example considered above, a sensitivity analysis of T*, ( ) ( ) * , ( ) ( ) * is performed considering ten cases by changing (increasing or decreasing) the parameters by 10% and 50% and taking one parameter at a time, keeping the remaining parameters at their original values.
Percentage Error: A measure of how inaccurate a measurement is, standardized to how large the measurement is. Found by the formula (measured value-actual value)/actual value*100%. We investigate how the input parameters change significantly the output parameters. We change in one parameter and keeping other parameters invariant. The base data are got accordingly to the numerical example. In Table 1 .2, it is seen that the percentage change in ( ) ( ) * is almost equal for both positive and negative changes of all the parameters except (0). It is somewhat more sensitive for a positive change than an equal negative change of parameter (0). Due to positive and negative percentage changes in parameters , (0), , ℎ, increases and decreases respectively.But this trend is reversed for the parameters , .
Figure1 to figure 4 show the estimated significant values of the parameters ordering cost, unit cost, and opportunity cost and inflation rate. 
Conclusion
The model deals with the optimum replenishment policy of deteriorating items in the presence of inflation and a trade credit policy. In this model instead of linear demand function, we have considered nonlinear exponential function. Numerical example, it is found that the optimum present worth of all future cash flows is ( ) ( ) * = 2170.407.Time dependent demand is applicable to thegoods whose demand changes steadily over time. Demand of a consumer goods changes steadily along with a steady change in the population density. A time-dependent demandrate is certainly more realistic than a constant demand rate It is observed that there is no appreciable change in the optimum value of the present worth of all future cash flows for changes made in the value of deterioration rate and the cash flow decrease if the ordering cost, unit cost and inflation rate are decrease. On the other hand, the cash flow increase if opportunity cost decrease. Hence the discount is considered to be better economically.
This model can further be extended to varying deterioration, ramp type demand with finite rate of replenishment.
